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PROVISIONAL TOPOGRAPHIC MAP OF MARS 

Mariner 4 Region 

Clyde W .  Tombaugh 
N e w  Mexico S t a t e  Univers i ty  

This paper  is  an explanat ion of t he  accompanying p rov i s iona l  

topographic  niap of t h e  po r t ion  of t h e  s u r f a c e  of Mars t h a t  t h e  Mariner 4 

i s  expected t o  photograph, Also inc luded  i s  a summary of  t h e  appearance 

and na tu re  of  t he  f e a t u r e s  according t o  my t e n t a t i v e  i n t e r p r e t a t i o n  

from 37 yea r s  of  t e l e s c o p i c  aquaintance with t h e  p l a n e t ,  

permi t ted  observa t ion  of t h e  equivalent  of  more than  two f u l l  mart ian 

yea r s  o f  i t s  seasonal  changes. I have spent  s e v e r a l  hundred hours  of  

a c t u a l l y  looking a t  Mars through t h e  eyepiece of e f f e c t i v e  t e l e scopes  

This  span has  

The f i n e s t  d e t a i l s  are v i s i b l e  only by glimpses f o r  a second o r  

two during an ex t r ao rd ina ry  l u l l  i n  t h e  smearing effect  o f  ou r  atmos- 

phere.  

events  and those  which are governed by some p e c u l i a r  s e c u l a r  develop- 

ment were v i s i b l e  t o  me f o r  a t o t a l  of less than one niinute over  my 

span o f  37 years !  

is employed, t h e  apparent  area of t h e  mart ian d i s k  is t o o  g r e a t  f o r  a 

s imultaneous s u r v e i l l a n c e .  One must conf ine  h i s  gaze t o  some p o r t i o n  

o f  t h e  p l a n e t ' s  d i sk  and wait f o r  t h e  super-glimpses t o  come along, 

then  s h i f t  h i s  a t t e n t i o n  t o  another ,  and then  another ,  

i t  i s  l i k e l y  t h a t  an observer  w i l l  no t  have covered t h e  d i sk  with equal  

The d e l i c a t e  f e a t u r e s  which are h igh ly  dependent on seasonal  

When a magnif icat ion of s e v e r a l  hundred diameters  

From chance, 
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thoroughness. 

look a t  some f e a t u r e  t h a t  e s p e c i a l l y  i n t e r e s t s  him. 

observer  had t h e  same s k i l l  i n  drawing, i t  is not  s u r p r i s i n g  t h a t  t h e i r  

drawings made a t  t h e  same hour should show some disagreement,  

Also, he may spend t o o  much time t r y i n g  t o  ge t  a b e t t e r  

Even i f  every 

A similar s i t u a t i o n  ex i s t s  i n  t h e  observa t ion  of  t h e  moon. A 

number of lunar observers  have spec ia l i zed  o r  confined most of  t h e i r  

a t t e n t i o n  t o  a few l o c a l  f ea tu re s  o r  major craters over  s e v e r a l  decades. 

They have publ i shed  maps of f i n e  d e t a i l  t h a t  few o t h e r s  have seen,  and 

t h a t  have much more d e t a i l  than t h e  b e s t  photographs p o r t r a y ,  

Unfortunately,  t h e  recording o f  f i n e  d e t a i l  i n  v i s u a l  observa t ions  

is sub jec t  t o  personal  e r r o r  i n  both percept ion  and r ep resen ta t ion ,  de- 

pending on t h e  competency and experience of  t he  observer .  

congested d e t a i l ,  it i s  exceedingly d i f f i c u l t  t o  be s u r e  of  t he  embochure 

p o s i t i o n  with connecting f ea tu res .  

uniform over an area as small as b!ars, 

I n  a reas  of  

Often t h e  q u a l i t y  of  s ee ing  i s  not 

On t h i s  nape t h e  l i n e a r  f ea tu res  a r e  t h e  so -ca l l ed  cana ls ,  which 

I th ink  are the  r e s u l t  of f r a c t u r i n g  of  t he  mart ian c r u s t ,  

seen  most of t h e s e  pe r sona l ly  but never  more than  a few a t  one time, 

Some were v i s i b l e  t o  me  only i n  c e r t a i n  years,, no matter how d i l i g e n t l y  

I looked f o r  them, A t  r a r e  t imes,  a few of  them e x h i b i t  t h e  appearance 

of  be ing  broken i n t o  discont inuous streaks. Occasional ly ,  some cana ls  

end i n  t h e  middle of  nowhere, f a i l i n g  t o  connect with any v i s i b l e  fea-  

t u r e  a t  t h e  o t h e r  end, This e f f e c t  i s  confirmed on some of  S l i p h e r ' s  

best photographs (1962) e Sometimes, t h e r e  a r e  temporary te rmina t ions  

as I observed i n  t h e  d e s e r t  region j u s t  n o r t h  o f  Sabaeus Sinus i n  1939 

arid 1954 (TN-557-65-6) 

I have 
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I do no t  claim t h a t  t h i s  map is complete from t h e  s t andpo in t  o f  

t e l e s c o p i c  d e t a i l ,  nor  c o r r e c t  as  regards  t h e  p a t t e r n  and p o s i t i o n  o f  

t h e  markings, 

tude  and l a t i t u d e  by a few degrees.  

be ing  of  p o s s i b l e  a i d  i n  t h e  i n t e r p r e t a t i o n  of t he  Mariner 4 p i c t u r e s ,  

Indeed, t h e r e  i s  some confusion i n  t h e  a reographic  longi -  

I t  was compiled f o r  t h e  purpose of 

The small, round f e a t u r e s ,  c a l l e d  "oases", are probably impact 

craters from c o l l i s i o n s  with small a s t e r o i d s .  

ab ly  due t o  some hardy form o f  vege ta t ion  t ak ing  advantage of t h e  she l -  

t e r i n g  effect  of t h e  crater ,  o r  p o s s i b l y  t h e  broken rock i n  the  immediate 

environs.  

p a t t e r n s  with some s i m i l a r i t y  t o  t h e  Bright  Ray Systems on t h e  moon, 

The double cana ls  p a r t i c u l a r l y  appear t o  run tangent  t o  t h e  edges o f  

t he  oases ,  while  o the r s  would i n t e r s e c t  a t  t h e i r  centers--much l i k e  t h e  

ray systems on t h e  moon, 

major impact craters;  whereas, s m a l l e r  craters probably e x i s t  i n  con- 

s i d e r a b l e  number and are too  shallow t o  o f f e r  a haven t o  vege ta t ion  and 

are thus  i n v i s i b l e  i n  t h e  b e s t  t e l e s c o p i c  views, 

Thei r  dark shade is prob- 

The cana ls  appear t o  be r e l a t e d  t o  t h e  oases ,  o f t e n  i n  r a d i a l  

The dark, round oases  probably r ep resen t  t h e  

The angular  shapes of many o f  t he  maria suggest  f a u l t i n g  and 

subsidence t o  form grabens,  I have seen  many cana ls  running q u i t e  

some d i s t a n c e  ac ross  t h e  dese r t s ,  e x a c t l y  i n  l i n e  with t h e  borders  

of  t h e  angular  por t ions .  

In  cons idera t ion  o f  t h e  harsh phys ica l  condi t ions  p r e v a i l i n g  on 

Mars, it seems reasonable  t o  i n t e r p r e t  t h e  maria as vege ta t ive  growth 

i n  low areas where the  temperature i s  warmer and t h e  atmosphere denser ,  

Radiometric measurements i n d i c a t e  t h a t  t h e  maria are apprec iab ly  warmer, 
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which perhaps could be explained t o  d i f f e r e n c e  i n  a lbedo a lone ;  bu t  

a l t i t u d e  could be a f ac to r .  

From geologica l  cons idera t ions  it is  reasonable  t o  expect  t h a t  

Mars would develop l a rge  bas ins  i n  var ious  p o r t i o n s  of i t s  crust. 

This  may be accomplished e i t h e r  by monocline fo ld ing  o r  by f a u l t i n g ,  

There are many examples o f  both having opera ted  i n  t h e  formation of 

bas ins  on t h e  Earth.  

a t  one p l ace  and down fo ld ing  a t  another  i n  t h e  same bas in ,  

Indeed, f a u l t i n g  has  produced t h e  drop i n  l e v e l  

If t h e  bluish-green areas on Mars, c a l l e d  "maria", are reg ions  

covered with vege ta t ion ,  then a sha rp ly  contained and f i x e d  boundary 

would i n d i c a t e  a g r e a t  d i f f e rence  i n  topographic  l e v e l ,  

shaped areas would be produced by f a u l t i n g ,  such as t h e  Trivium 

Charont i s  and t h e  "Beak" of  Mare Sirenum, 

summer i n  t h e  southern  hemisphere, as i n  1958, t h e  dark green c o l o r  

i n  t h e  southern maria faded t o  greenish-grey and became much less 

dark, A t  t h a t  time, I saw seve ra l  cana l s  wi th in  Mare Sirenum and 

Mare Cimmerium. Some oases  (dark spo t s )  were seen a l so .  O f  p a r t i c u -  

l a r  i n t e r e s t  were two dark s t r i p e s  (or  cana ls )  o u t l i n i n g  t h e  "beak" 

Angularly 

In  the  l a te r  p o r t i o n  o f  

with an inc luded  angle  of  25 degrees of mare, 

e x a c t l y  i n  l i n e  with cana ls  proceeding t o  t h e  martian east  on t h e  

d e s e r t  area of Thaumasia, and each ends a t  a small, round, dark 

o a s i s ,  The s t r o n g e r  one is named Araxes, i n t e r s e c t i n g  Lucus Phoenic is ,  

The l a t t e r  i s  t h e  c e n t e r  o r  o r ig in  o f  several o t h e r  important  cana l s  

i n  a r a d i a l  p a t t e r n  i n  a l l  d i r ec t ions .  

These two s t r i p e s  a r e  
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I t h ink  tl:a; the Lucus Phoeriicis system rcp rcsen t s  one of  t h e  

important a s t e r o i d  iIripact po in t s ,  and t h a t  t h e  o a s i s  i t s e l f  i s  a 

l a r g e  impact c i a t e r ,  revealed by t h e  dark growth wi th in .  

I t  is  known t h a t  p l a t eaus  tend t o  be co lde r  thari lower a l t i t u d e  

lands,  Exceptions t o  t h i s  occur a t  n igh t  when t h e r e  are loca l  tem- 

p e r a t u r e  i n v e r s i o n s ,  I t  may be i n f e r r e d  then  t h a t  t h e  d e s e r t s  o f  

Mars represent, areas a t  a higher  topographic  l e v e l ,  and t h a t  t hey  a r e  

c o l d e r  than t h e  maria. 

d i f f e r e n t i a t i n g  t h e  d e s e r t  su r f ace  i n t o  s e v e r a l  topographic  levels,  

P a r t i c u l a r  dese r t  areas have been observed t o  whiten a t  c e r t a i n  mar- 

t i a n  seasons,  e s p e c i a l l y  during la te  af te rnoon hours ,  

r e t u r n s  t o  t h e  v i s i b l e  po r t ion  of t h e  d i sk ,  t h e  a r e a  i s  s t i l l  white  

dur ing  t h e  e a r l y  morning hours,  and t h e  white  gradual ly  fades  away 

as it  approaches noon, 

d e s e r t  areas i n  h igh  temperate l a t i t u d e  dur ing  t h e  month of  summer 

s o l s t i c e ,  Progress ive ly ,  l oca l  areas i n  lower l a t i t u d e s  are a f f e c t e d  

i n  t h i s  way as t h e  summer season advances,  Whitening on any one area 

cont inues  over  a pe r iod  of many weeks and g radua l ly  subs ides ,  

t h e  d iu rna l  behavior  is dependent on s o l a r  i n s o l a t i o n  and temperature  

The t r e n d  toward t h e  equator  as t h e  season advances, appears t o  be 

a s s o c i a t e d  with some s o r t  o f  d i spers ion  o f  water vapor,  o r  some com- 

pa rab le  substance,  from t h e  p o l a r  reg ion ,  Kuiper (1948) has shown 

from h i s  i n f r a r e d  r e f l e c t i o n  s p e c t r a  t h a t  t h e  whi te  substance o f  t h e  

p o l a r  cap is  very cold hoar  f r o s t .  Evident ly ,  t h e  white a reas  which 

develop on t h e  martian dese r t s  are e i t h e r  hoa r  f r o s t  on t h e  ground 

o r  cloud,, 

Meteorological phenomena provide c r i t e r i a  i n  

When t h e  region 

This  d iurna l  whitening cyc le  a f f e c t s  c e r t a i n  

Obviously, 

In  e i t h e r  case,  the f r o s t  po in t  o r  t h e  dew p o i n t  i s  involved,  
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Spect roscopic  evidence shows t h a t  t h e  mar t ian  atmosphere has  very 

l i t t l e  water vapor conten t ,  

densat ion p o i n t ,  o r  100 p e r  cent  s a t u r a t i o n ,  t h e  temperature  must 

f a l l  very low, 

h ighe r  areas of  t h e  mart ian dese r t ,  

determine whether a white area is  cloud o r  f r o s t  on t h e  ground, If 

known small, permanent s u r f a c e  f ea tu res  can be recognized on t h e  

Therefore,  i n  o r d e r  t o  reach t h e  con- 

Even on Mars, t h i s  is  not  a t t a i n e d  except on t h e  

General ly ,  it is d i f f i c u l t  t o  

I whi te ,  such as an oases  o r  a canal ,  then  t h e  white  i s  probably f r o s t  

on t h e  ground, However, a very l o c a l  effect  on cloud is a p o s s i b i l -  

i t y o  

r e l a t i v e  he igh t  i n  t h e  mart ian atmosphere, 

b r i g h t  i n  red  l i g h t  and i n v i s i b l e  i n  b lue ,  then  i t  i s  c e r t a i n l y  on 

t h e  ground o r  n e a r  t h e  ground, Some white  areas are b r i g h t  on b lue  

photographs and are i n v i s i b l e  on t h e  red,  which would i n d i c a t e  cloud, 

I f  t h e  l a t t e r  pe r s i s t  i n  p a r t i c u l a r  geographical  l o c a l i t i e s ,  then  an 

orogenic  o r i g i n  i s  involved,  

s i s t e n t  an area behaves, t h e  higher  t h e  topographic  l eve l .  However, 

some allowance must be  made f o r  p r e v a i l i n g  wind waf t ing  a i r  masses 

wi th  t r a n s p i r a t i o n  enrichment from supposed vege ta t ive  areas up on 

t o  p l a t e a u s ,  r e s u l t i n g  i n  ad iaba t i c  condensation, A number of  d e s e r t  

areas observed t o  whiten do l i e  t o  t h e  mart ian westward and equator-  

ward of dark areas, such as Aeria and Nix Tanaica,  which l i e  west o f  

S y r t i s  Najor and blare Acidaliuni, r e s p e c t i v e l y ,  This  tendency i n d i c a t e s  

a p o s s i b l e  mart ian t r a d e  wind, and it i s  of  i n t e r e s t  t h a t  t h i s  e f fec t  

i s  observed on areas i n  l a t i t u d e s  as h igh  as 50 degrees ,  

Comparison of b lue  and r e d  photographs he lp  t o  e s t a b l i s h  t h e  

If a white  a r e a  is  

In genera l ,  t h e  wh i t e r  and more per -  

However, 



TN - 70 1 - 66 - 8 
Page 7 . 

t h e r e  are s e v e r a l  areas on t h e  immediate western s i d e  of  maria which 

do no t  whiten,  Also, t h e  white  a reas  nea r ly  always avoid  t h e  maria, 

except  i n  cases of genera l ,  t r ans lucen t  haze,  

Therefore ,  t h i s  proper ty  of l o c a l  whitening appears  t o  be a 

use fu l  c r i t e r i o n  i n  d i f f e r e n t i a t i n g  t h e  d e s e r t  s u r f a c e  i n t o  s e v e r a l  

topographic  l e v e l s ,  My s t u d i e s  of Mars over  several decades have 

provided c r i t e r i a  f o r  making a topographic breakdown i n t o  t e n  levels.,  

The legend on t h e  accompanying map i l l u s t r a t e s  t h e  topographic  l e v e l  

f o r  var ious  types o f  mart ian f ea tu res .  The contour  l i n e s  on t h e  map 

are des igna ted  wi th  simple Arabic nuinbers, 

reserved  f o r  a few areas elsewhere on t h e  p l a n e t  t h a t  probably l i e  a t  

t h e  lowest l e v e l s ,  such as t h e  S y r t i s  blajor and bler idiani  Sinus.  

The lowest numbers are 

Where the  borders  of  maria, o r  po r t ions  of  a mare, are observed 

t o  migrate ,  it seems reasonable  t o  conclude t h a t  t h e  s l o p e  is  gen t l e  

and t h e  contour  l i n e s  should be more widely spaced. 

appear  r i g i d l y  f ixed ,  such as the  e a s t e r n  beak of Mare Sirenum, t h e  

sou th  border of blare Cinunerium, t h e  Trivium Charont is ,  e tc ,  Since 

such areas become very dark at  times, only a s t e e p  g rad ien t  i n  t h e  

land could conta in  t h e  maria s o  sha rp ly ,  

more numerous and crowded i n  those p l aces ,  

shaped Elysium becomes as white as t h e  p o l a r  cap and i s  sha rp ly  re- 

s t r i c t e d  i n  p o s i t i o n  which would i n d i c a t e  an abrupt  p l a t e a u ,  

p o r t i o n  n e a r  t h e  Trivium Charontis,  known as Albor, seems t o  whiten 

wi th  t h e  s l i g h t e s t  provocat ion,  Since it l ies  wi th in  t h e  mart ian 

t r o p i c s ;  has only a minor dark area n e a r  i t ;  and i s  more prone t o  

Other  borders  

llence t h e  contour  l i n e s  a r e  

A t  times, t h e  hexagonally 

That 
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whitening than any o t h e r  area i n  low l a t i t u d e s ,  I cons ider  i t  t o  be 

t h e  h ighes t  land on t h e  p l a n e t ,  

l e v e l  of  10, 

Only t h i s  area bea r s  t h e  topographic  

The e n t i r e  Elysium is white du r ing  mart ian J u l y  (nor thern  hemis- 

phere) .  

mid-afternoon, 

i n t e n s i t y  as it approaches sunse t ,  

o f  n e a r l y  equal  length  i n  t h e  shape of  a r e g u l a r  pentagon i f  one ex- 

c ludes  t h e  s h o r t  western edge of Trivium Charont i s ,  

then  t h e  area i s  s ix-s ided .  

polygon i s  sha rp ly  marked, with n o t  t h e  s l i g h t e s t  whi t i shness  v i s i b l e  

on t h e  surrounding d e s e r t ,  

he igh t  could account f o r  such a pronounced meteorological  behavior.  

Hence, s e v e r a l  contour  l i n e s  are  crowded t o g e t h e r  a t  t h e  boundary of  

Elysium, r ep resen t ing  a g r e a t  escarpment, I t  is  e s p e c i a l l y  i n t e r e s t i n g  

t o  no te  t h a t  a l l  t h e  s i d e s  o f  the  hexagon are exac t ly  i n  l i n e  with 

cana l s  t h a t  cont inue f o r  hundreds o f  miles o r  k i lometers  across  t h e  

neighboring dese r t .  This  c e r t a i n l y  i s  a good case f o r  f a u l t i n g ,  and 

t h a t  beyond Elysium, t h e  canals  may be merely s t r i p s  of s h a t t e r e d  rock 

from c r u s t a l  f r a c t u r i n g ,  

I t  fades  out  n e a r  noon and then  it starts t o  reform i n  t h e  

I t  becomes b r i l l i a n t l y  white,  equa l  t o  t h e  p o l a r  cap i n  

The white  area has s t r a i g h t  s i d e s  

I f  i t  i s  included,  

The boundary of t h e  foreshor tened  white  

Only an abrupt  p l a t e a u  of  cons iderable  

Another i n t e r e s t i n g  property of Elysium i s  t h a t  during t h e  season 

o f  whitening, it appears p inkish  i n  co lo r  around noontime, i n  con t r a s t  

t o  t h e  orange-brown c o l o r  o f  the surrounding d e s e r t ,  I t  appeared t h i s  

way a t  t h e  time of t h e  Mariner 4 sweep. 

Hellas, i n  t h e  southern  hemisphere, e x h i b i t s  a similar whitening 

behavior  i n  i t s  season, and a l s o  it is  p ink i sh  t o  r ed  when t h e  area i s  
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free o f  white ,  

nay have an apprec i ab le  mineralogical  effect  

is very round, and t h e  surrounding maria encroach and recede,  

never  seen any cana ls  a t  o r  nea r  i t s  border.  Ten ta t ive ly ,  one may con- 

c lude  t h a t  liellas i s  a v a s t  dome wi th  g e n t l e  s lope ,  

I f  t h e  white  i s  f r o s t  on t h e  ground, t h i s  s l i g h t  wet t ing  

Ilowever, t h e  Hellas a r e a  

I have 

The genera l  d e s e r t  has  been ass igned  a t  topographic  l e v e l  5 t o  6. 

This  is t h e  area where noth ing  seems t o  happen, 

a l s o  darkening a r e  absent .  

times are designated as ly ing  between contours  6 and 7, Areas which 

e x h i b i t  occas iona l ,  s l i g h t  darkening l i e  between contours  4 and 5. Some- 

t i n e s  s l i g h t  shading covers t h e  s t r i p s  o f  land l y i n g  between t h e  com- 

ponents  o f  double cana l s ,  such as  t h e  Gehon, Laestrygon, Phison, and 

Euphrates,  

"gemination.' ' 

be  included,  

Temporary whitening and 

Areas which e x h i b i t  s l i g h t  whitening a t  

T h e i r  fad ing  o u t  gives rise t o  t h e  famous phenomenon of 

Perhaps the  doubles Gigas and T i t a n  (on this map) should 

The A t l a n t i s  t r a c t  which sepa ra t e s  hiare Sirenum from Mare Cimmerim 

v a r i e s  from conspicuous s ize  t o  o b l i t e r a t i o n ,  The mart ian southwest 

po r t ion  of  blare Sirenum v a r i e s  g r e a t l y  i n  degree of  darkening and 

boundary, which may be i n t e r p r e t e d  as i n d i c a t i n g  a long, g e n t l e  s lope  

i n  t h e  land, Hence, t h e  contours are widely spaced, 

The double T i t a n i s  c a r e t  i s  very dark,  and t h e  angles  approximate 

t h e  d i r e c t i o n  o f  t h e  double Gigas and T i t a n  cana l s ,  llere aga in ,  f a u l t i n g  

appears t o  have been involved, 

The Laestrygon c u t s  t h e  Flare Cinlmeriuni i n  two, The cana ls  seen 

embracing t h e  Beak of Sirenuni and south  edge of  Cinimeriurii have a l r eady  

been descr ibed .  
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One f e a t u r e  not  por t rayed  on t h e  map t h a t  perhaps should have 

been, i s  t h e  dappl ing of  blare Sirenum and Mare Cimmerium with numer- 

ous da rk i sh  s p o t s  during moments of  good see ing  a t  t h e  mart ian season 

when t h e  i n t e r n a l  cana ls  a r e  v i s i b l e .  

down i n  drawings, 

and do not  r e q u i r e  as g r e a t  depth f o r  vege ta t ion  t o  f l o u r i s h  wi th in  

because they  are i n  a low area mare, 

as numerous on t h e  d e s e r t s  bu t  a r e  p r o h i b i t e d  from v i s i b i l i t y  because 

of inadequate  s h e l t e r i n g  fo r  vege ta t iona l  growth. 

They are t o o  numerous t o  p i n  

They are probably caused by shal low impact c r a t e r s  

Such craters are probably j u s t  

The Propont i s  is  one of t h ree  p r i n c i p a l  maria i n  t h e  no r th .  (Only 

t h e  south  po r t ion  q ipears  on the accompanying mapo) 

f a i r l y  dark and p r a c t i c a l l y  n e u t r a l  i n  c o l o r  during t h e  s p r i n g  season 

o f  t h e  no r the rn  hemisphere, i t  fades out  t o  a c l u s t e r  o f  d i f f u s e  oases ,  

I t  i s  probably less deep than  Sirenum and Cimmerium by a t  least  one 

contour  leve  1 

Although i t  appears 

In  rliy observing experience of ilars, t h e  Trivium Charont is  i s  t h e  

most cons tan t  i n  shape, s i zenand  shade of any o t h e r  marking on t h e  

p l a n e t .  

geode t i c  r e fe rence  

I t  should be given the h ighes t  p r i o r i t y  r a t i n g  f o r  any 

The o r b i t  of Mars i s  n e a r  t h e  p r i n c i p a l  zone o f  t h e  a s t e r o i d s ,  

and many a s t e r o i d s  of  some s i z e  c ros s  t h e  mart ian o r b i t ,  Over t h e  

long pe r iods  of time, Mars should have been h i t  many times by l a r g e  

ones,  

They should remain v i s i b l e  f o r  hundreds of  m i l l i o n s  o f  yea r s  i n  t h e  

complete absence of water e ros ion  and r e l a t i v e l y  i n e f f e c t i v e  ae-n 

The oas is - -cana l  p a t t e r n s  appear t o  r ep resen t  such scars, 

d&, 1 
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action,,  

t h e  mantle would cause h o r s t s  and grabens,  and t h e  c r u s t a l  f r a c t u r i n g  

may be t h e  cause of  many angular  f e a t u r e s ,  

Crus t a l  readjustments  due t o  i n t e r n a l  convection c e l l s  i n  

The i d e a  o r  concept of grea t  topographic  d i f f e rences  on Mars 

seems not  t o  have been en te r t a ined ,  

due t o  Lowell 's concept of a peneplained p l a n e t ,  

opinion, a f t e r  s tudying  t h e  f ea tu res  on Mars and t h e i r  behavior  over  

37 years ,  t h a t  Mars never  had any oceans, no water  e ros ion ,  and no 

sedimentary rocks could ever  have formed, 

Perhaps t h i s  overs ight  has been 

I am s t r o n g l y  of t h e  

The Ear th  has  g rea t  bas ins ,  I f  t h e  water  could be removed from 

t h e  oceans, t h e  atmosphere would flow i n t o  those g rea t  bas ins ,  leaving 

only very t h i n  a i r  over our  present  con t inen t s ,  As a consequence, t he  

fe r t i l e  g r e a t  r iver  systems, such as the  Miss i s s ipp i  and Amazon, would 

be  rendered as co ld  and bar ren  as  t h e  Tibetan p l a t eau ,  

s l o p e s  are f a i r l y  steep beyond t h e  con t inen ta l  she lves ,  and l i f e  would 

probably be p r e t t y  much r e s t r i c t e d  t o  t h e  bas ins .  

The oceanic  

I cons ider  t h e  maria o f  Mars t o  be g r e a t  bas ins ,  comparable t o  

our  ocean bas ins ,  except t h a t  they a r e  u n f i l l e d  with water ,  

The i r r e g u l a r  boundary of t h e  p o l a r  cap a t  maximum, e s p e c i a l l y  

the  southern one, i s  evidence o f  topographic  d i f f e rences ,  

i t s  lowest l a t i t u d e  on Hel las ,  and r e t r e a t s  poleward across  I-ielles- 

pontus 

I t  reaches 

Since t h e  fo rce  of grav i ty  on Mars is  only 38 p e r  cent  of t h a t  

on t h e  E a r t h 8 s  su r face ,  t h e  atmospheric grad ien t  should be 2 1/2  

t imes  l e s s ,  Consequently, i f  o t h e r  t h ings  a r e  equal ,  one would have 
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t o  ascend a v e r t i c a l  he igh t  2 1/2  times g r e a t e r  t o  a t t a i n  t h e  same 

meteorological  d i f f e rence  

On Ear th  t h e  ocean bas ins  average 4 ki lometers  below sea l e v e l  

and t h e  con t inen t s  one k i lometer  above sea l eve l .  Extreme d i f f e r e n c e s  

i n  t h e  v e r t i c a l  between high mountains and oceanic  t renches  is  15 

k i lometers ,  The g r e a t e s t  th icknesses  i n  t h e  sedimentary rock column 

is  a l s o  15 k i lometers ,  showing t h a t  t h e  E a r t h ' s  c r u s t  has  heaved and 

sunk by t h i s  o rde r  of magnitude, 

On Mars, t h e  c r u s t  may be over  twice as t h i c k  because of  lesser 

The mart ian c r u s t  should be g r a v i t a t i o n a l  p re s su re  t o  produce flow, 

a b l e  t o  s u s t a i n  g r e a t e r  rock loads Unfortunately,  d i r e c t  measure- 

ment of ver t ical  re l ief  i s  j u s t  b a r e l y  beyond t h e  capac i ty  of  ground- 

based t e l e scopes ,  I t  should be remembered t h a t  t h e  least  fo re shor t -  

en ing  o f  t h e  t e rmina to r  occurs  a t  about twice Mars' oppos i t i ona l  

d i s tance .  

l e s sen  t h e  c o n t r a s t  o f  shadows. With t h e s e  cons ide ra t ions ,  a topo- 

graphic  d i f f e r e n c e  between Albor and t h e  no r the rn  po r t ion  of S y r t i s  

Major may be as much as 20 ki lometers .  

i n t e r v a l  may be about 2 ki lometers ,  

Unlike t h e  moon, t h e r e  would be t h e  effect of  t w i l i g h t  t o  

Hence, t h e  average contour  

The contours  shown he re  should not  be regarded as of equal  

v e r t i c a l  d i f f e rences ,  They are  boundaries  only o f  apprec iab le  

d i f f e r e n t i a t i o n  c r i t e r i a  o f  two classes of  phenomena: 1) degree o f  

darkening, 2) i n t e n s i t y  and frequency of  whitening, These contours  

are s u b j e c t  t o  r ev i s ion  wi th  more c a r e f u l  s t a t i s t i c a l  ana lys i s ,  

I t  w i l l  be of  g r e a t  i n t e r e s t  t o  see what t h e  Mariner 4 photographs 



TN-701-66-8 
Page 13 

lend t o  t h i s  problem, I f  t h e  la t ter  tend  t o  confirm such a model, 

I s h a l l  be encouraged t o  prepare a p rov i s iona l  topographic map f o r  

t h e  e n t i r e  s u r f a c e  of Mars. 

Recently,  I submit ted a paper f o r  pub l i ca t ion ,  e n t i t l e d ,  "The 

Absence o f  an Aqueous hlorphology on Mars and Some Geologic Conse- 

quences" (TN-557-65-6) February 1965, One of  t h e  t e n t a t i v e  con- 

c lus ions  of t h a t  paper i s  t h a t  t he  dese r t  su r f ace  of Mars c o n s i s t s  

of a primeval r h y o l i t e .  

t h e  exposure of g r a n i t i c  and metamorphic rocks,  Also, i t  fol lows 

t h a t  t h e r e  would be r e l a t i v e l y  l i t t l e  b a s a l t  on t h e  su r face .  

The lack of water e ros ion  would prevent  

This  work has  been supported by t h e  Nat ional  Aeronautics and 

Space Adminis t ra t ion under Grant Ns G- 142-61 
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